Background : Routine drainage of the operative bed following elective pancreatectomy remains controversial. Data specific to distal pancreatectomy (DP) have not been examined in a multi-institutional collaborative. Methods : Data from the American College of Surgeons-National Surgical Quality Improvement Program Pancreatectomy Demonstration Project were utilized. The impact of drain placement on development of pancreatectomy-related and overall morbidity were analyzed. Propensity scores for drain placement were calculated, and nearest neighbor matching was used to create a matched cohort. Groups were compared using bivariate and logistic regression analyses. Results : Over 14 months, 761 patients undergoing DP were accrued; 606 were drained. Propensity score matching was possible in 116 patients. Drain and no drain groups were not different with respect to multiple preoperative and operative variables. All pancreatic fistulas (p<0.01) and overall morbidity (p<0.05) were more common in patients who received a drain. The placement of a drain did not reduce the incidence of clinically relevant pancreatic fistula nor the need for postoperative procedures. Conclusions : Placement of drains following elective distal pancreatectomy was associated with a higher overall morbidity and pancreatic fistulas. Drains did not reduce intra-abdominal septic morbidity, clinically relevant pancreatic fistulas, nor the need for postoperative therapeutic intervention.
Introduction
Drain placement in the surgical bed at the time of elective pancreatectomy remains a commonly utilized but controversial practice. In theory, drains allow for controlled evacuation of pancreatic secretions if a leak occurs, thereby reducing potential complications such as bleeding, pseudocyst, and/or abscess formation. These complications often mandate therapeutic intervention including the potential need for reoperation and may lead to an increase in procedure related mortality. Moreover, drains might allow for the early recognition of a pancreatic fistula or of postoperative bleeding. Drains, however, are not innocuous and have been associated with septic morbidity from retrograde infection as well as erosion into peripancreatic vessels and regional hollow viscera. [1] [2] [3] [4] [5] In addition, closed suction drainage could promote a pancreatic fistula. 3, 5, 6 Drain failure may occur due to isolation from the pancreas by surrounding tissues. Finally, if suspicious fluid collections do arise postoperatively, image-guided percutaneous drainage has improved greatly and is typically readily available.
Prior studies examining drain utilization following elective pancreatectomy have most often suggested no benefit to their placement. 2, 5, [7] [8] [9] [10] [11] [12] [13] [14] However, a recent multicenter randomized controlled study found that the frequency and severity of complications were increased if drains were eliminated following pancreaticoduodenectomy. 15 In addition, analyses specific to those undergoing distal pancreatectomy have been sparse. 5, 10, 11 To address these issues, we used a propensity score-matched cohort from the American College of Surgeons-National Surgical Quality Improvement Program (ACS-NSQIP) Pancreatectomy Demonstration Project multi-institutional database to assess the association between intraoperative drain placement and postoperative complications following elective distal pancreatectomy. We hypothesized that the use of drains would mitigate the development of intra-abdominal morbidity and the need for therapeutic intervention postoperatively.
Methods

Pancreatectomy Demonstration Project (PDP)
ACS-NSQIP is a standardized multicenter national database which prospectively collects multiple demographic, laboratory, and comorbidity variables to provide riskadjusted rates of overall postoperative morbidity and mortality. [16] [17] [18] [19] The ACS-NSQIP Pancreatectomy Demonstration Project was piloted from November 2011 through December 2012 to evaluate the feasibility of prospective collection of variables relevant to the short-term outcomes following pancreatectomy. 20 The ACS-NSQIP Pancreatectomy Demonstration Project was queried to identify patients having elective distal pancreatectomy. This database was derived from 43 volunteer institutions in the USA participating in the ACS-NSQIP Procedure Targeted pancreatectomy module (see Acknowledgments). In addition to the standard variables from the ACS-NSQIP database, the pancreatectomy-specific variables collected in this demonstration project are listed in Table 1 . Pancreatic duct size and remnant consistency were determined by the operating surgeon. In cases of stapled transection and when the surgeon did not provide information, duct size was estimated by the Surgical Clinical Reviewers from preoperative imaging and/or endoscopic pancreatography. Duct size options included <3, 3-6, and >6 mm. Gland texture options included soft, intermediate, and hard. Variables not captured in this database include method of remnant closure and type of drain utilized.
Propensity Score Analysis
A propensity score for the placement of a drain at the time of pancreatic resection was generated using the following variables: age, gender, race, body mass index (BMI), preoperative albumin, pancreatic texture and duct size, the presence of concurrent organ or vascular resection, and the final pathology. Patients who received peritoneal drainage at the time of resection and those who did not were then matched based on propensity scores using nearest neighbor matching. Once the propensity-matched cohort was derived, groups were compared relative to the utilization of neoadjuvant therapy as well as intraoperative variables including operative approach, operative time, and transfusions. Neoadjuvant therapy included those receiving chemotherapy or radiation therapy individually or in combination. 
Statistical Analysis
Unadjusted analyses were performed to compare characteristics between the two propensity-score matched groups using t tests for continuous variables and chi-squared tests for categorical variables. Multivariate logistic regression analysis was used to determine the independent association between drain use and clinically relevant pancreatic fistula, organ space and deep incisional SSI, the need for percutaneous drainage and/or reoperation and a composite outcome combining organ space and deep incisional SSI, postoperative percutaneous drainage, and reoperation. Comparisons between groups were analyzed using bivariate and logistic regression analyses. Statistical significance was assessed at the 95th percentile.
Results
Patient Demographics
Data were accumulated on 761 patients undergoing elective distal pancreatectomy during the study period. Six hundred and six (80 %) underwent prophylactic drainage of the operative bed whereas 155 (20 %) had no drain. Using predetermined variables specific to pancreatic resection, propensity score matching was possible in 116 patients. Thirtynine patients not having drainage could not be matched due to incomplete data or lack of an adequate peer who received a drain. Overall mortality in the 761 DP patients occurred in eight patients (1.1 %). Within the group of patients excluded from the propensity-matched cohort were all eight deathsthree in those who received a drain and five among those with no drain. Specific to our propensity-matched cohort, no difference was observed between those who did have prophylactic drainage (n=116) and those who did not (n=116) with respect to age, gender, race, BMI, neoadjuvant therapy, American Society of Anesthesia (ASA) class or, preoperative albumin. In addition, the drain and no drain patients did not differ with respect to operative duration, minimally invasive surgery, gland texture, duct size, intraoperative transfusions, concurrent organ or vascular resection, or pathology ( Table 2) . While a higher percentage of patients had a soft pancreatic remnant in the no drain group (65 vs 58 %), this difference did not reach statistical significance. All patients in the drain and no drain propensity score-matched groups survived surgery. Overall morbidity was higher in the drained patients (43 vs 30 %, p<0.05) (Fig. 1, Table 3 ). While no single individual complication was different between groups, the aggregate of all complications combined was significantly higher in those who received a drain. Serious morbidity did not differ between the two groups (31 vs 23 %, p=0.17) (Fig. 1, Table 3 ).
A statistically significant higher incidence of all pancreatic fistulas as defined in the PDP was observed in those who received a drain (21.7 vs 7.0 %, p<0.01) (Fig. 2) . However, when analyzed specific to clinically relevant pancreatic fistulas, this difference was not statistically significant (10.3 vs 4.3 %, p=0.41) (Fig. 2, Table 4 ). No difference with respect to organ space or deep incisional SSI, the need for postoperative percutaneous drainage, or the need for reoperation was observed between those who did and did not have a drain placed following pancreatectomy. Combining deep incisional and organ space infection along with postoperative percutaneous drainage and reoperation as a composite outcome did not demonstrate a difference between those with and without a drain. Median length of hospital stay did not differ between the two groups (6 days each).
Discussion
Results of this propensity score-matched cohort derived from the ACS-NSQIP Pancreatectomy Demonstration Project suggest that prophylactic drainage of the surgical bed following distal pancreatectomy is associated with increased overall morbidity and pancreatic fistulas. However, the incidence of serious morbidity, clinically relevant pancreatic fistulas, and the need for postoperative therapeutic intervention was not reduced in patients who received a prophylactic drain. This analysis suggests that drains may be avoided selectively in low-risk patients undergoing distal pancreatectomy.
The impact of drain placement as a means to reduce postoperative intra-abdominal morbidity following pancreatic resection has been analyzed in several studies of varied design-most often involving pancreaticoduodenectomy (PD). In 1992, Jeekel reported 22 consecutive patients having Whipple procedures without drainage. 7 Major intra-abdominal morbidity was limited to three patients with an intra-abdominal abscess (IAA)-all treated by non-operative means suggesting the elimination of drainage did not lead to adverse outcomes. 7 Several retrospective case cohort studies have supported this conclusion. In a study by Heslin et al., 38 of 89 well-matched patients did not have prophylactic drainage following PD. 8 Groups did not differ with respect to the incidence of IAA, pancreatic and/or biliary fistulae, or the need for postoperative therapeutic intervention. Hospital length of stay was equivalent. Over a 5-year time period, Fisher and colleagues compared 47 consecutive patients (17 undergoing DP) without peritoneal drainage to a cohort of 179 patients (56 DP) having pancreatic resection immediately preceding the withdrawal of routine drainage. 9 Two thirds of the patients in this study had a Whipple procedure. Those without peritoneal drainage experienced less overall complications, and the median complication grade was reduced. However, hospital readmission and the need for postoperative abdominal percutaneous drainage were higher in those without drainage. A subset analysis relative to distal pancreatectomy was not performed. Mehta et al. reported 709 patients who had a Whipple procedure over a 7-year period.
14 Patients who received a drain and those who did not were well matched with respect to preoperative demographics though the quality of the pancreatic remnant was not reported. However, patients who received a drain were more likely to have had a longer operative time, portal vein resection, higher intraoperative blood loss, and to receive intraoperative blood transfusions. In a multivariable analysis, these variables did not significantly increase the incidence of clinically relevant pancreatic fistula or the need for postoperative therapeutic intervention. The need for postoperative percutaneous drainage, reoperation, readmission, and 30-day mortality also were not different between groups. Adham and colleagues noted similar findings in 242 patients, one half of whom had a pancreaticoduodenectomy. 11 Demographics were not different between those with a drain and those without; however, right and left pancreatectomies were not analyzed separately. Of those having a Whipple procedure, groups were not different with respect to the need for postoperative percutaneous drainage or reoperation.
Two randomized controlled studies on the role of peritoneal drainage following pancreatic resection have yielded 2 Groups were well matched with respect to age, comorbidities, operative time, blood loss, and pathology. Those who received a drain had a statistically higher incidence of pancreatic fistula and IAA. Further, four patients in this group developed an enterocutaneous fistula. No difference between groups was observed with respect to the need for postoperative therapeutic intervention (percutaneous drainage and/or reoperation), hospital readmission, or procedure-related mortality. In the only randomized study to date demonstrating deleterious outcomes if drains are not utilized, Fisher and colleagues analyzed 137 patients undergoing a Whipple procedure in a multiinstitutional study. 15 The groups did not differ with respect to demographics, comorbidities, pancreatic texture and anastomotic technique, vascular resection, the need for blood transfusion, readmission, or reoperation. However, those who did not receive a drain had a statistically significant higher incidence of delayed gastric emptying, IAA, the need for postoperative percutaneous drainage, and a prolonged length of stay (LOS). This study, however, was terminated early by the Data Safety Monitoring Board due to a significant increase in mortality from 3 to 12 % in those that did not receive a drain.
Finally, two recent meta-analyses have assessed the utility of peritoneal drainage as a means to reduce complications following pancreatectomy. 12, 13 Both, however, were performed prior to Fisher's randomized trial. van der Wilt et al. found that the proportion of patients with major complications was lower in those who did not have drains placed though this difference did not reach statistical significance. 12 Predefined inclusion criteria limited this meta-analysis to only three studies. 2, 8, 9 Kaminsky and Mezhir noted that drains had no impact on reducing pancreatic fistula, total complication, LOS, or hospital readmission. 13 However, patients at high risk for a PF such as those with a soft remnant or excessive blood loss were more likely to have had prophylactic drainage. The authors concluded that the data support a selective approach toward drainage. This meta-analysis was hindered by the absence of any predefined criteria regarding inclusion or exclusion of studies. In addition, neither meta-analysis assessed distal pancreatectomy specifically.
In contradistinction to pancreaticoduodenectomy, the role of prophylactic peritoneal drainage following distal pancreatectomy has received much less attention. Studies that have included 10 Groups were well matched with respect to age, pathology, remnant consistency, the absence of main duct ligation, blood loss greater than 500 cc, and concurrent extrapancreatic organ removal. No difference was observed between patients with a drain and those without with regard to PF, IAA, or postoperative pseudocyst formation. Similar to findings of the current study, the need for postoperative percutaneous drainage of the operative bed and the need for reoperation were not different regardless of the presence or absence of a drain. Correa-Gallego and colleagues reviewed 350 patients undergoing distal pancreatectomy over a recent 5-year time period-196 of whom did not have peritoneal drainage. 5 In common with the results reported herein, no difference was found between groups with respect to serious complications, the need for percutaneous drainage, reoperation, or hospital readmission. However, blood loss and operative time were significantly higher in those who received a drain suggesting that there may have been surgeon bias toward draining more high risk patients.
This study has several limitations. Like any retrospective cohort comparing treatment interventions, a potential exists for selection bias. Patients who did not receive drains may have had favorable characteristics identified by surgeons intraoperatively that led to avoidance of drain placement. We attempted to mitigate this bias by performing a propensity score-matched analysis. The participating institutions of the Pancreatectomy Demonstration Project are more commonly high-volume institutions that might be encountered in general practice; and thus, our study findings may be limited to these centers with specialized expertise in performing pancreatic surgery. The wide confidence intervals in our regression modeling suggest that our study may be underpowered to detect significant differences amongst drain use. We were only able to analyze 116 of the 155 potentially evaluable patients without a drain which also could lead to a sampling bias. Furthermore, while eight patients died in this database, no deaths were captured in our propensity-matched cohort. Five deaths occurred in those not receiving a drain, but no matched peer was possible within the large pool that received a drain. This fact could represent a sampling bias but could also suggest that these deaths were due to factors outside those assessed in this study.
The definition of clinically relevant pancreatic fistula captured by the Pancreatectomy Demonstration Project differs from the ISGPF classification but is perhaps more strict in terms of clinical relevance. All grade C pancreatic fistulas as defined by ISGPF either require therapeutic intervention or lead to death. Grade B (ISGPF) fistulas managed solely by antibiotics and/or octreotide are unusual. Thus, while the PDP definition of a clinically relevant pancreatic fistula might not capture some grade B fistulas, as defined by the ISGPF, no grade A fistulas are included. Finally, the Pancreatectomy Demonstration Project only accrued 30-day data from the time of surgery. Some complications following distal pancreatectomy, such as a pancreatic pseudocyst, may be recognized weeks or even months following the index procedure. Thus, this study may not have captured all procedure-related morbidity because outcomes in ACS-NSQIP are assessed at 30 days after surgery. Furthermore, the issue of early versus late drain removal was not addressed in this study but will be in a separate analysis.
Conclusion
The advantage of the ACS-NSQIP Pancreatectomy Demonstration Project is that it allows multi-institutional capture of data points critical to comparing outcomes following pancreatectomy such as BMI, remnant consistency and concurrent organ, and vascular resection-variables not uniformly recorded in multi-institution analyses which enhance validity when compared to single institution case series. Doing so allowed the development of a well-matched propensity scoring cohort for comparison of drain utilization following distal pancreatectomy. With these advantages and limitations in mind, our data do suggest that serious morbidity and the need for therapeutic intervention postoperatively following elective distal pancreatectomy are equivalent whether or not drains are utilized. This analysis did not address the issues of early versus late drain removal, which is the subject of a separate analysis. Prior studies have suggested that early drain removal (postoperative day 3 or sooner) in patients with low drain fluid amylase reduces complications including pancreatic fistula and intra-abdominal abcess. 3, 4 Thus, a randomized trial specific to distal pancreatectomy comparing drains versus no drains inclusive of data with respect to drain removal is necessary.
